In this paper, wavelet transform coherence is implemented to examine the impacts of hydroclimatological variables on water level fluctuations in two large saline lakes in the Middle East with a similar geographical location, namely, Urmia Lake in north-west Iran, which has an extremely simple ecological pyramid where water level decrease produces a very sensitive ecosystem, and Van Lake in north-east Turkey. The present study investigates trends in higher order moments of hydrological time series. The aim of this paper is to investigate the complexity of Urmia Lake water level time series which could lead to decrease fluctuations of time series. To this end, the strength and relationships between five hydroclimatological variables, including rainfall, runoff, temperature, relative humidity, as well as evaporation and water level fluctuations in the lakes were determined and discussed in terms of high common power region, phase relationships, and local multi-scale correlations. The results showed that among the hydroclimatological variables, runoff has the most coherencies (0.9-1) with water level fluctuations in the lakes. Although both lakes are located in a similar climatic region, for the recent 15 years, adverse trend in water level fluctuations of Urmia Lake indicates a critical condition for this lake.
INTRODUCTION
Finding an appropriate measure to evaluate potential variations of hydroclimatological processes/variables is one of the most important topics in recent hydroclimatological studies. The hydrological process is so complex that simple data-driven models are not able to describe its behavior (Chen et al. ) . Although XWT is a useful tool to distinguish the phase spectrum, it may produce misleading results if it is calculated by non-normalized wavelet power spectrums (WPS) (Maraun & Kurths ) . Thus without normalizing WPS, wavelet cross spectrum could not completely reflect the possible links between time series and, therefore, not be useful to identify the governing relationship (Ng & Chan ) . For example, Maraun & Kurths () demonstrated that wavelet cross spectrum appears to be unsuitable to explain interrelation between El Niño-Southern Oscillation (ENSO) and NAO series. The authors recommended use of wavelet transform coherence (WTC) analysis, which normalizes the WPS at first and then measures the cross correlation of the series. In a similar study, Jevrejeva et al.
() used WTC to investigate the effect of Arctic Oscillation (AO) and NAO on ice conditions in the Baltic Sea.
In addition to such applications, Henderson et al. () used CWT and XWT to detect fluctuations of sub-daily to daily pumping of submarine groundwater. More recently, Among lakes, saline and hypersaline lakes need particular attention due to their highly vulnerable ecosystems and the irreversible socio-environmental impacts of their desiccation (Karbassi et al. ; Shadkam et al. ) . Urmia Lake, the second largest permanent hypersaline lake on Earth, is one of the vital hydrological natural quarters of Iran which lately has met reduction in the lake water level. The decreasing trend of Urmia Lake water level poses a drastic problem for its stakeholders, particularly agricultural and industrial sectors. Salinity of the lake is increasing as a result of natural processes and anthropological effects. These changes in the ecosystem of the lake have resulted in water scarcity and socio-economic stresses in the lake basin. The growing stress and challenges in the water resources in the basin could easily become a crisis and this socio-ecological system could lose its resilience. To cope with this problem, one way is to intercept the decreasing trend in the water level if it is derived by human activities. Therefore, the present study investigates potential reasons behind the problem via analyzing dynamics of different hydroclimatological variables in the region and their impacts on the water level fluctuations across Urmia Lake. To this end, WTC is applied to detect trends in the representative hydroclimatological variables in the region and also to figure out potential relations between the variables and water level fluctuation over Urmia Lake. To the best of our knowledge, this is the first study that applies wavelet coherence measure to investigate water level fluctuations across Urmia Lake. It should be noted that there is a The aim of this paper is to investigate the complexity of the Urmia Lake water level which has reduced over time.
Reduction of the complexity leads to water level fluctuations decreasing and causing the system to behave in a more regular form. All of these factors can be affected on the first, second, and higher order moments of Urmia Lake water level time series. Due to the seasonality of hydrological processes, applying wavelet coherence measure can lead to good results in investigating the complexity and fluctuations of hydroclimatological time series. Use of such an efficient mathematical tool for evaluating the interaction between water level fluctuations and the relevant hydroclimatological components is a required step in any survival plan and restoration projects for Urmia Lake which is dramatically receding and is going to vanish entirely. The analysis is also carried out for the hydroclimatological variables at Van Lake basin, a neighboring basin in Turkey, which direct the results to regional-scale conclusions. In this research, the comparison of water level in Lake Urmia with Lake Van in Turkey was performed, the lakes being relatively similar regarding geographic and climate conditions. There has been a downward trend in Lake Urmia water level for the past recent years, while in Lake Van there is not, and hence this difference can be attributed to non-climatic factors which were investigated in this research more precisely.
MATERIALS AND METHODS

Study areas and used data
Urmia Lake is one of the endorheic salt lakes located in Akin to Urmia Lake, it is an endorheic lake (having no outlet); in other words, Lake Van does not have any natural outlet except evaporation as is the case of Urmia Lake.
The variations of regional climatological conditions and their impact on water level fluctuations over the two lakes are investigated in this study. 
where ψ is defined as the mother wavelet and (*) denotes the complex conjugate of the mother wavelet. The main purpose of the mother wavelet is to provide a source function to generate the other wavelets which are simply the translated and scaled versions of the mother wavelet. In this paper, Morlet mother wavelet was considered which includes both real and imaginary parts. Complex or analytic wavelets have value (or shift) of the mother wavelet, which allows the study of the signal locally around the specified time. In order to normalize different scales, the coefficient 1= ffiffiffiffiffi ffi jaj p is applied.
The CWT can also be used to investigate the relationship between two time series of separate hydrological processes (Labat ) . To this end, first, wavelet spectrum W X a, b ð Þ of a continuous time series X(t) is determined 
where C X (a,b) and C ÃX ψ (a, b), are continuous wavelet coefficients of the time series X(t) and its complex conjugate, respectively. Then, XWT is used to obtain high common power and phase relationships between the time series. If one takes the average of wavelet spectrum over the entire time, it is known as global wavelet power spectrum (Torrence & Compo ) . In general, the CWT helps to detect the periods of the given signal X(t), but XWT is applied to distinguish cross wavelet power of two signals such as X(t) and Y(t). Moreover, XWT determines the scale characteristics and oscillation periods. Similar to the definition of wavelet spectrum (see Equation (2)), the cross wavelet spectrum, i.e., W XY (a, b), can be defined between two different signals as (Liu ; Labat ): 
where SW 
where it ranges from 0 to 1 given by smoothing operators. On top of the wavelet coherence, one can obtain information about phase differences when using complex wavelet functions. In the present paper, Morlet mother wavelet, which has both real and imaginary parts, was used for analysis. Phase differences can be calculated by using the imaginary part ℑ(·) and real part ℜ(·) of the cross wavelet transform separately (Aguiar-Conraria et al.
):
The phase information is plotted on WTC graphs and indicated by the direction of an arrow in terms of the 1. Wavelet coherence period at 5% significant level, which is shown with thick black lines.
2. Phase relation between time series, which is described by the direction of the arrows.
Cone of influence (COI), which indicates regions of the
wavelet spectrum that impact edges, is ignored due to the limited length of hydrological time series.
RESULTS AND DISCUSSION
As mentioned earlier, the coherency and relationship between hydroclimatological variables and water level time series and also to check the seasonality trend of time series in the lakes were measured using XWT and WTC in this study. It is worth mentioning that the original time has almost a constant trend and there is no considerable change in terms of frequency band, arrows' direction, and overall coherence graph. Therefore, it can be said that the impact of rainfall is almost constant even though it gradually increased during the studied time period while the fluctuations of lake water level decreased. Thus, it can be proved that the role of this factor on Urmia Lake water level decreasing is not so important. Due to the lack of long-term temperature data, the given scale is shorter than the others. respectively. Also, as can be seen in Figure 6 (a) and 6(c), temperature effect on water level has not changed much before the reduction of Urmia Lake water level and after it. Therefore, considering these slight changes in the temperature and wavelet coherence graphs (Figure 6 (a) and 6(c)), it can be concluded that this parameter has a stable behavior during the investigated time intervals and does not play an important role in decreasing Urmia Lake water level.
Regarding the evaporation results, the 8-16 month frequency band reflects the impact of evaporation fluctuations on the Urmia Lake water level (Figure 6 (b) and 6(d)). The XWT graph also approves such a coherency. As shown in 1946-1955, 1988-1992 and 4-16 month frequency band during 1958-1969, 1973-1986 and 4-8 month frequency band during 1976-1980, 1988-1993 with 0.8-0.9 coherency value showed the most effects on the lake water level fluctuations (Figure 8(a) ). Also, coherency values 1970-1976, 1992-1995, 1998-2000, 2001-2002, This becomes a considerable reason for Urmia Lake shrinking. Obtained results presented in Table 2 show the contribution of hydroclimatological parameters (in the west and east of Urmia Lake) on the lake's water level. Overall, with regard to Figure 9 , it can be concluded that the maximum energy of global wavelet power spectrum is Due to the placement of the lake in a closed drainage basin, only the direct precipitation, and inflow from streams and rivers count as sources of input waters to the lake, and evaporation from the lake as the only output. Thus, continuous reduction of water volume and lack of adequate input water sources to compensate for the lack and maintain water balance is regarded as the main cause of lake For more precise analysis, for future research, they may also be considered in the modeling. Also to confirm the results of this paper, it is suggested that this measure is examined on the adjacent stations in neighboring provinces.
